Introduction
Presbyphagia is disturbed swallowing during normal ageing [1e3] . Sarcopenia, lost muscle mass and/or muscle strength, in older individuals might be the strongest predictor for swallowing disturbances [4, 5] . A loss of lean body mass with increasing age reported as sarcopenia affects tongue pressure, a predictor for swallowing function in community-dwelling older adults [6, 7] and headlifting strength in frail older adults [8] . The risk for dysphagia was 2.7 times higher in participants with sarcopenia compared to those without sarcopenia. In hospitalized elderly people, decreased swallowing functions are associated with decreased muscle mass index [5, 9] and sarcopenia [9] .
In Parkinson's disease (PD), swallowing disturbances correlate both with motor and non-motor disturbances (Unified Parkinson's Disease Rating Scale, question 7) [10] . About one-third of PD patients had dysphagia, which also correlates with cognition and gait disturbances. Miller et al. (2009) reported that 30% of patients with PD have swallowing disturbances [11] . The prevalence of oropharyngeal dysphagia in PD is much higher and 20% of patients are affected by a subclinical dysphagia [12] .
In PD, age-related dysfunction of swallowing might worsen, indicating neurogenic dysphagia [13] , and males have an increased risk for sarcopenic dysphagia [14] . In addition, fatigue, disease duration, and severity of motor and psychiatric symptoms are associated with nutritional status in patients with PD [15] . Consequences of deviations in nutritional status and weight maintenance might affect disease progression. Poor nutritional status and weight maintenance also might affect PD progression. Therefore, early screening and a regular assessment of swallowing abilities are important aspects of nutritional rehabilitation in PD patients [16] .
Identifying nutritional markers is needed to assess metabolic status and nitrogen balance in patients with PD; for example, patients with PD require more protein than controls to maintain nitrogen balance [17] . A previous review has discussed the negative effect of protein energy malnutrition (PEM) on swallowing function [18] . Understanding how aging and PD change anthropometry and nutritional markers for nitrogen balance, including both the level of plasma albumin and phosphate, might contribute to understanding the specific mechanisms involved in swallowing disturbances, which can either be causes or consequences of the problem. Low concentrations of plasma albumin, pre-albumin, or transferrin can sufficiently assess a risk condition for PEM [19, 20] . Linking nutritional markers to protein depletion, aging, and anthropometry might generate new hypotheses regarding age and disease-related swallowing disturbances.
To this end, we investigated self-reported swallowing disturbance in patients with newly diagnosed PD to search for nutritional markers that might be related to swallowing dysfunction and anthropometric indices.
Patients and methods

NYPUM population
The present study population originates from the New Parkinsonism in Umeå project (NYPUM), a prospective study that focuses on idiopathic forms of Parkinsonism. The NYPUM catchment area is V€ asterbotten county (142 000 inhabitants), which is in northern Sweden [21] . All suspected cases with idiopathic Parkinsonism were referred to the neurological department, which employees all the neurologists involved in the study area. Disease severity (i.e., the motor symptom severity) was assessed using the Unified Parkinson's Disease Rating Scale (UPDRS) total score, the UPDRS part II and III scale [22] , and the Hoehn and Yahr staging scale [23] . From January 2004 through April 2009, 185 cases with Parkinsonism were identified. To confirm the presence of PD, another specialist in movement disorders (blinded to the assessment of the previous examiner) evaluated a videotape of the patient undergoing the UPDRS III examination. A patient was included if both examiners judged that the patient fulfilled the clinical criteria for PD according to the UK Parkinson's Disease Society Brain Bank (UK PDSBB) criteria. Patients fulfilling diagnostic criteria for PD were included in the NYPUM study. Swallow-specific data were collected from question 7 of the UPDRS II scale: 0 ¼ normal; 1 ¼ rare choking; 2 ¼ occasional choking; 3 ¼ requires soft food; and 4 ¼ requires NG tube or G-tube.
Study population
The present sub-study included patients with PD (n ¼ 75) and controls (n ¼ 24) who took part in the assessment of nutritional status at baseline of the NYPUM project. Thirty-one healthy controls were recruited through an announcement in the local newspaper and were selected according to age and sex distribution as in the 50 first PD patients included. In addition, the baseline data included analysis of nutritional-related biomarkers in a blood sample (Table 1 ). Dysphagia was defined as a score of one or Table 1 Baseline variables for patients with Parkinson's disease (PD) and controls and presented for females and males separately.
Variables
PD patients n ¼ 75 more on the UPDRS section II question on swallowing. Of the 75 PD patients, ten men and six women (21%) had swallowing disturbances. The levodopa equivalent dose (LED) was calculated at baseline and at follow-ups using a conversion factor for each of the anti-Parkinson medications [24] . Information about LED at baseline revealed that only two patients had started anti-Parkinson treatment at time of diagnosis. At the first follow-up (six months), all but nine patients had started treatment and about 50% of the patients had a LED <200 and 8% had a LED >300. The medication was introduced over the first weeks after diagnosis. The nutritional investigation, including the blood sampling, was performed in a non-standardized manner according to drug-therapy during this period. Before blood sampling, 13 patients had started anti-Parkinson medication; after blood sampling, 60 patients had started anti-Parkinson medication.
Anthropometry
The anthropometric data were collected during the initial contact with the dietician (LH), which was scheduled within the first two months after inclusion in the study. Data, including assessment of swallowing disturbance by the UPDRS II rating scale (question 7), were mostly collected from patients during the "on" phase (i.e., when patients had minor problems with tremor). Dyskinetic-type involuntary movements were rare in this early phase of disease and did not hamper assessments.
Anthropometrical assessments included body weight (BW) (kg), height (cm), waist and hip circumferences (cm), and Waist/Hip-ratio. Circumference measurements were performed with a flexible measuring tape and body composition was measured using bioimpedance (BIS). Body weight (BW) was measured to the nearest 0.1 kg using a digital scale. Height was measured to the nearest 0.5 cm using a stadiometer. Body mass index (BMI) was calculated from BW (kg) and height (meter) (kg/m 2 ).
VAI is a sex specific measure of visceral/abdominal fat [25] . The index is based on waist circumference in cm (WC), BMI (kg/m 2 ), triglycerides (TG) (mmol/l), and high density lipoprotein in mmol/l (HDL) in plasma, which indirectly expresses visceral fat function:
Mini-nutritional assessment
The Mini-Nutritional Assessments (MNA-total score), an international validated screening tool consists of 18 questions regarding anthropometry, diet, and health [26] . MNA-total scores between 24 and 30 points indicate optimal nutritional status, MNA-total scores between 17 and 23.5 indicate a risk for malnutrition, and MNA-total scores <17 indicate malnutrition.
Bioelectrical impedance spectroscopy
Fat free mass (FFM; kg) measurements were made using a multi-frequency Bioelectrical Impedance Spectrum (BIS) analyser and ColeeCole modelling software (Hydra ECF/ICF, Hydra model 4200 Xitron Technologies, San Diego, CA). BW, height, and sex were entered into the BIS program according to the operating manual. After cleaning the skin with isopropyl alcohol, two pairs of electrodes were applied five cm apart: one pair on the right hand/wrist and one pair on the right foot/ankle. Cables with clips were connected to the electrodes. To reduce risk for conductance error, body composition was measured while the participant was supine with arms slightly abducted from the body and legs separated. In addition to FFM, body weight (kg), extracellular water (ECW, l), and intracellular water (ICW, l) measurements were registered. Fat mass was calculated from the difference between BW (kg) and FFM (kg). Indices of FFM were normalized by height (FFMI; FFM; kg/m 2 ) and FM was calculated as percent of BW.
Biochemical analysis
Analysis was performed using clinical routines in an accredited laboratory at Umeå University hospital. At admittance, baseline blood samples were collected between 8:00 and 16:00 and plasma samples were used to measure phosphate, calcium, albumin by an Ortho Vitros 5.1 FS dry type biochemistry analyser, vitamin D (25-OH-D 3 ) by LC-MS/MS, and triglycerides (TG), and high-density lipoprotein (HDL) levels by an enzymatic colorimetric method.
Statistical analysis
An independent two-tailed test was used to compare females and males. For non-normal distributed data and variables with skewed distribution, non-parametric tests e the ManneWhitney and the Wilcoxon Signed Ranks Test e were performed. Bivariate correlations were analysed using the Pearson's correlation coefficient. A logistic regression was performed with adjustments for Hoehn and Yahr, age, and BMI for each variable. The program Predictive Analytics Software (PASW Statistics, version 18.0.3 SPSS Inc., Chicago IL, USA) was used for the analysis.
Results
Group differences
Of the 75 PD patients, 59 (79%) reported normal swallowing and 16 (21%) reported swallowing disturbance: 10 males (10/41; 24.4%) and 6 females (6/34; 17.6%) reported a score between 1 and 4. No disturbance in swallowing was registered as 0. Table 1 lists the clinical and anthropometrical assessments and plasma variables at baseline for patients vs. controls and for females vs. males. There were no differences between patients and controls except for a magnesium (mmol/l) level higher in patients than in controls (0.81 ± 0.07 vs. 0.77 ± 0.05, respectively; p ¼ 0.039) and MNA-total score lower in patients than in controls (25.5 ± 2.4 vs. 27.2 ± 1.6, respectively; p ¼ 0.005). Compared to females with PD, males with PD had higher UPDRS part III score, waist (cm), waist/hip ratio, ECW (l), ICW (l), and FFMI (FFM kg/height, m 2 ), but lower FM %, plasma phosphate (mmol/l), and plasma HDL (mmol/l) ( Table 1) . Low FFMI was evident in 70% of both females (FFMI < 15) and males (FFMI < 17).
Bivariate correlations
For the total patient population (all patients with PD), swallowing disturbances were positively correlated with BMI (r ¼ 0.268; p ¼ 0.021) and waist (r ¼ 0.254; p ¼ 0.031) and negatively correlated with plasma phosphate (r ¼ À0.241; p ¼ 0.037). For females, VAI, plasma triglycerides, and TG/HDL ratio correlated positively with swallowing disturbance (r ¼ 0.469, p ¼ 0.007; r ¼ 0.458, p ¼ 0.006; and r ¼ 0.451, p ¼ 0.007, respectively). Swallowing disturbance was not correlated with MNA in the total patient population (r ¼ 0.055; p ¼ 0.644).
Age and anthropometry
In the total patient population, age was positively associated with the ECW/ICW ratio (r ¼ 0.510; p ¼ 0.000) ( Fig. 1 ) and the TG/HDL ratio (r ¼ 0.250; p ¼ 0.031) and negatively associated with ICW lit (r ¼ À0.326; p ¼ 0.005) and albumin (r ¼ À0.317; p ¼ 0.006) ( Table 2 ). In males, age was negatively associated with ICW (r ¼ À0.697; p ¼ 0.000), albumin (r ¼ À0.338; p ¼ À0.031), and phosphate (r ¼ À0.347; p ¼ 0.026). In females, there was no association between age, studied variables, and PD. In males, there was an age-related decrease in plasma phosphate; in females, there was an age-related increase in plasma phosphate (although not significant) (Fig. 2) . In males but not in females, albumin was correlated with ICW (r ¼ 0.545; p ¼ 0.000) ( Fig. 3) and ECW/ICW ratio (r ¼ À0.697; p ¼ 0.000).
Phosphate and anthropometry
For the total patient population (all patients with PD), plasma phosphate was inversely related to Waist/Hip ratio, ECW, and swallowing disturbance and positively associated with plasma HDL, calcium, and albumin (Table 3 ). For females with PD, plasma calcium (r ¼ 0.394; p ¼ 0.021) and albumin (r ¼ 0.361; p ¼ 0.036) correlated with plasma phosphate. For males, plasma phosphate correlated negatively with age ( Fig. 2 ), swallowing disturbance (r ¼ À0.428; p ¼ 0.005) and correlated positively with albumin (r ¼ 0.310; p ¼ 0.049) ( Table 3 ). Fig. 4 shows the plasma phosphate levels for males and females in mean (95% CL) for patients with and without swallowing disturbance, with significant differences for males (1.03 ± 0.18 and 1.18 ± 0.13 mmol/l, respectively; p ¼ 0.005) but not for females (1.28 ± 0.13 and 1.25 ± 0.14 mmol/l respectively; (p ¼ 0.639) ( Fig. 4) .
Logistic regression
After adjusting for Hoehn and Yahr staging scale, age, and BMI, plasma phosphate was significantly associated with swallowing disturbance (OR, 95% CL; 0.000 (0.000e0.101; p ¼ 0.010) in males but not females, and plasma magnesium was significantly associated with swallowing disturbance (OR, 95% CL; 0.000 (0.000e0.085; p ¼ 0.048) in females but not males.
Discussion
Assessing nutritional status at time of PD diagnosis might provide information on risk conditions for disease progress, including swallowing disturbances. However, screening with MNA revealed that patients had lower scores than controls, but no correlation was shown between MNA and swallowing disturbance in the patient population. Early detection of nutrient deficiency of one or more nutrients as well as of energy (dietary) intake will help inform decisions for therapeutic interventions. In addition, these attempts at early detection might generate new hypotheses about nutritional markers that result in a better understanding of the mechanisms responsible for swallowing disturbances. The estimated prevalence of swallowing disturbance was 21%, a finding calculated from question 7 in UPDRS II scale. Compared to other studies [27, 28] , this prevalence is in the lower range. This difference is likely due to under reporting as this study focused on early phase PD. In addition, patients might not report, for various reasons, swallowing disturbances [28] . An existing swallowing problem might be missed even with a validated questionnaire [27] . Therefore, an actual measure of swallowing might have advantages, but time and costs can make this difficult although a validated and easily handled questionnaire might serve as a screening tool. Age-related risk factors for swallowing disturbance were found in males but not in females. In males but not in females with PD, plasma albumin and phosphate decreased with age and with swallowing disturbances. Use of markers for PEM have great advantages and improve the quality of risk pattern assessments. In males, a lower active cell mass indicated by low ICW correlated with swallowing disturbances and low albumin. Another study supports our findings that age and loss of ICW were associated with low plasma level of albumin [29] . This finding highlights the use of albumin as a marker for muscle mass and for age-related disturbed muscle quality; in addition, low albumin might indicate protein deficiency. A higher prevalence of dysphagia in elderly males with lower tongue pressure associated with grip strength and nutritional status might be mediated by lower albumin with increased age and secondary sarcopenia [6] . In that study, a loss of lean body mass with increasing age was reported as sarcopenia, which affected swallowing. The prevalence of low FFMI, according to suggested cut-offs for sarcopenia [30] , was high in the present PD population (70%), which indicates a condition with low amount of muscle mass in early PD. These findings indicate a stronger relation to sarcopenia than to the diagnosis of PD.
The correlation between ICW and albumin is an expression of a negative nitrogen balance, which in addition to an increase in the ECW/ICW ratio indicates sarcopenia [31] and correlated with age in the present study (Fig. 1) . Segmental ratio of ECW/ICW reflects both muscle quality and quantity with a different association to dysphagia in males and females. As no differences in albumin between cases and controls were evident, we suggest that the ageing process rather than disease status is associated with swallowing disturbances. Plasma markers for nitrogen balance, including phosphate, needs to be considered from a nutritional perspective. In this connection, the lower level of phosphate in males might have consequences for both disease progress and age-related morbidity, increasing the risk for intracellular energy depletion. Patients with dysphagia are at particularly high risk for PEM. In addition, patients with dysphagia are at particularly high risk for hypophosphatemia and complications in connection with refeeding (i.e., energy repletion due to malnutrition) [32, 33] . Holmes et al. reported dysphagia in patients with hypophosphatemia and anorexia nervosa [34] . Dysphagia was associated with reversible hypophosphatemia with neurological consequences in a case of chronic alcoholism [35] .
The main causes of an imbalance of energy metabolism with stress or PEM might be associated with disturbed plasma phosphate levels limiting energy generation in the cells. Protein and phosphate density of the diet is low in early PD [36] , which supports the use of both albumin and phosphate as nutritional markers.
Disturbed energy generation in muscles involved in swallowing, at least in males with PD, might be a consequence of low plasma phosphate and an age-related decrease in intracellular creatinephosphate, and total high phosphagens [37] can be an expression for phosphate depletion with decreased contractility and force in swallowing muscles by limiting ATP generation. Laroch (2001) describes consequences from low phosphate and intracellular adenosine-triphosphate (ATP) depletion [38] . Very recently, results from an experimental study reveal that hypophosphatemia promotes lower rates of muscle ATP synthesis [39] . It is of interest to know if the lower level of phosphate in males has consequences for age-related morbidity and low intracellular energy depletion. The high risk of hypophosphatemia related to malnutrition must be considered in all ages, conditions, and patients with neurological diseases [40] .
In the present study, we focused on early nutritional markers that can increase understanding of the viscous circle triggering further loss of swallowing. Muscles involved in swallowing and respiration are highly energy demanding and vulnerable in conditions with protein and energy deficiency. Therefore, understanding how protein deficiency relates to dysphagia either primarily (low protein content but sufficient amount of energy intake) or secondarily (deficient content of both protein and intake of energy) might generate knowledge about the effects of negative nitrogen balance. Metabolic status and nitrogen balance ensure neutral calorie-nitrogen balance and muscle tissue conservation in patients with PD [17] .
Visceral obesity, plasma triglycerides, and TG/HDL ratio in females were associated with disturbed swallowing. This finding might indicate sarcopenic obesity, revealed by an association between swallowing disturbance and BMI, VAI, TG, and TG/HDL in females. The relative distribution between skeletal muscle mass and fat mass changes with age, but is different in females and males. Therefore, patients in the present study had normal BMI for age by time of diagnosis (according to FAO/WHO; normal BMI in ages >65 years ¼ 23e27), but still a low amount of fat free mass expressed as FFMI.
The present study did not include an established test for swallowing function but rather based the analysis on answering 'yes' or 'no' for swallowing disturbance. In addition, we did not adjust for daily activities, cognition, or dietary intake, which might influence the outcome. Since this is a crosssectional study, it was not possible to evaluate causality.
Conclusions and future perspective
This study assessed sex differences in nutritional markers and clinical problems related to swallowing disturbances in PD patients. In males with PD, swallowing dysfunction was associated with low plasma phosphate levels. Therefore, plasma phosphate and nutritional status should be assessed in patients reporting disturbed swallowing.
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